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denotes the transition probability of splitting u(d) !
d(u)+
+( )




a denote the probabil-
ities of splittings u(d) ! s + K
 (0)
, u(d) ! u(d) + 
0






) respectively. If the break-
ing eects are dominated by mass dierences, we expect
0 < 
c
a < a ' 

a < a, or 0 < 
c
<  ' 

< 1.
Before going to further discussion, we would like to make
a few remarks.
 We have shown in [16] that a better SU(3) descrip-
tion can be achieved by taking 

=  and 
02
<< 1.
Therefore, we will neglect the SU(3) singlet contri-
bution (
0
= 0) in the numerical calculation (see
section 4), so the number of independent parame-
ters would be only three: a, , and 
c
. However,
our analytical formulae are not restricted to this
approximation.




SU(4) case is dierent from that in the SU(3) case.















term is also changed. Therefore,
the SU(4) formalism cannot be reduced to SU(3)
simply by taking 
c
! 0 only [see later discussion




in the SU(4) version.










. Hence the octet-singlet mixing is neglected in
our description.
In addition to the allowed uctuations discussed in the
SU(3) case, a valence quark is now allowed to split up or
uctuate to a recoil charm quark and a charmed meson.















































. Since we are only interested in the
spin-avor structure of the nucleon or other noncharmed
hadrons, which does not have valence charm, hence the
uctuations from a valence charm quark will not be dis-
cussed.
The spin-up and spin-down quark or antiquark con-
tents in the proton, up to rst order of the quantum






































) are determined by the
zeroth order, i.e. naive quark model (NQM), valence





































of nding a quark q
0
";#



















) can be obtained
from the eective Lagrangian (1) and have been listed













Those arise from q
#

























). The notations ap-
peared in Table I are dened as

























































D stem from the denitions (2)-(4), which




. The numbers fa and f
s
a stand for the




















To reduce to the SU(3) version, one should take the
limit 
c





is because we have dierent neutral combinations G
0
u;d;s
from the SU(3) ones. This dierence shows that the
charm contribution is not only presented in the charm
term which is proportional to 
c









, one can see
from Eq. (12) that the f and f
s
indeed reduce to the
corresponding quantities in the SU(3) case,
(f)
SU(3)











































are the same as A, B,
and C in Eq. (6a) in [17].





















) = 2=3, from (10), we
will get all avor and spin contents in the neutron.
3. Flavor and spin contents in the proton





+meson, i.e. processes in (7)
and (8), but not in the (9) (no splitting). The quark
helicity non-ip contribution in splitting processes is en-
tirely neglected. This is a basic assumption in the model
and seems to be consistent with the picture given by the
instanton model.
3.a. Quark avor content













) listed in Table I, one obtains all quark and
antiquark avor contents in the proton,
u = 2 + u; d = 1 +


































From (17), one obtains
u=










d  u = 2a
~
A: (20)





q) and other avor observables related to charm and anti-
charm quarks. We note that in the SU(4) case, one has
X
q;q





 1 + + 
c
+ f . It is easy to verify that in the
limit 
c
! 0, and using Eq.(15), all SU(4) results reduce
to those given in the SU(3) case. Two remarks on (19)
and (20) are in order.
 Dening the ratio, r  u=











be a real number due to (20), hence 14r   8r
2
  5
must be positive or zero, and the ratio r satises
1=2  u=

d  5=4; (22)
which seems to be consistent with the experimental







in our approximation, from (13),
we have
~




d  u  a: (23)
It gives a lower limit of the parameter a   the prob-
ability of quark splitting q! q
0
+ .































Eq. (11), and Table I, we obtain
u = 4[1  a(+ 
c
+ 2f)]=3  a; (25)
d =  [1  a(+ 
c
+ 2f)]=3  a; (26)
















is dened in (21), and
q = 0; (q = u;

d; s; c): (31)
Several remarks are in order.
 Comparing with the SU(3) case, a new 
c
term,
which presents the intrinsic charm contribution, ap-
peared in u, d, c, and , but not in s.
This is because there is no process which can mix
the strange helicity and charm helicity contribu-
















. Although there are s, s
(or c, c) in all neutral bosons G
0
u;d;s;c
, they give no









) appeared with equal probability in these
neutral bosons.
4 The physical meaning of (30) is that the total loss
of the quark helicity arises from four splitting pro-
cesses with quark spin-ip, three in (7) and a new
splitting in (8). Comparing with the SU(3) case,
where =2 = 1=2  a(1 + + f), we now have an
additional reduction,  a
c
, of the total quark spin
due to the splitting related to the charm.


















equal in the spinless charmed meson. Therefore
c = 0. Similar discussion in the SU(3) case [22]
has led to q = 0 for q = u;

d; s. The result (31)
shows that the helicities of the sea quark and anti-
quark are not equal, q
sea
6= q. This is dierent
from the usual gluon splitting models. In the gluon
splitting model, the sea quark and antiquark with
the same avor are created as a pair from the gluon
and q
sea
= q. The DIS data [32] seems to sup-
port the prediction q ' 0 but with large errors.
 The charm quark helicity c, (28), is nonzero as far
as 
c
is nonzero. Analogous to the strange quark
helicity, c is denitely negative. The size of the
intrinsic charm helicity depends on the parameter

c
and the splitting probability a. We will see in
section 4 that to t the neutron -decay data, the
range of 
c
is 0.020.10. Since a ' 0:15, one has
c '  (0:003  0:015).






=16 in (13), one
can see that the ratio
c=c =  16=51 (32)
is a constant independent of any splitting param-
eters. This is a special prediction for the charm
avor in the SU(4) quark meson model.
 For the strange avor, from
~
B in (13) and s in (18),







<< 1. In the limit 
02
! 0, we have
s=s =  3=10: (33)
Hence s=s is also a constant in this limit.
 From (32) and (31), one obtains the ratio of the
charm with positive helicity to that with negative





= 35=67 ' 0:522: (34)
It shows that more c
#





























occurs for the strange quarks. From (33) and (31),







= 7=13 ' 0:538: (35)
 For the u-avor and d-avor, we do not have similar




















do not. Hence u=u and
d=d depend on all three splitting parameters. The
numerical calculation (see next section) shows that
u=u ' 0:383; d=d '  0:287: (36)





















= 5=1, hence the










3.c. Ellis-Jae sum rule
In the framework of SU(4) parton model, the rst mo-




















= (4u+d+s+ 4c)=18; (39)




























= u+d  2s (41)
a
15













4. Numerical results and discussion.
Since the probability of charm-related splitting (8) is
much smaller than u-,d-,s-related splittings (7), we ex-
pect that the values of parameters a and  in SU(4)
should be very close to those used in the SU(3) descrip-
tion. We choose a = 0:143,  = 0:454, (in SU(3): a =
0:145,  = 0:46 ), and leave 
c
as a variable, then express
the quark avor and helicity contents as functions of 
c
.
To determine the range of 
c
, we plot a
3
as the function of

c









= 1:2670 0:0035, we
5obtain 
c
' 0:06 0:02. However, we prefer to introduce
a larger uncertainty and take

c
' 0:06 0:04: (44)
The parameter sets used in this paper and previous SU(3)
description are listed in Table II.
Using (44), the avor and spin observables in the pro-
ton are calculated and listed in Tables III, IV, and V re-
spectively. For comparison, we also list the existing data,
the SU(3) description results [16, 17], naive quark model
(NQM) prediction, and results given by other models or
analyses. One can see that with only three parameters:
fa; ; 
c
g, the model satisfactorily describes almost all the
existing data and also can give several new predictions,
which are in bold type shown in Tables III and IV. We
write down a few main predictions in the following:
2c=
X
(q + q) ' 0:011 0:008 (45)
measures the size of the intrinsic charm in the proton,
c '  0:009 0:006 (46)
is the charm helicity, and
c= '  (0:021 0:014) (47)
is the fraction of total quark helicity carried by the
charmed quark. The parameter sets for dierent mod-
els are listed in Table V. Several remarks are in order:
 The theoretical uncertainties shown in (45)-(47)
and in Tables III, IV and V arise only from the
uncertainty of 
c
in (44). If the observable does















C, and not on
~
D, i.e. independent of 
c
), there is
no uncertainty for them. This has been shown in
Table III. Two special quantities c=c and s=s
are also independent of 
c
as shown in Table IV.
We put a star (*) mark on some `data' in Tables
III and IV to denote they are model predictions or
from theoretical analyses.
 The SU(4) quark-meson model predicts an intrinsic
charm component of the nucleon, 2c=
P
(q + q) '
1%, which agrees with the predictions given in [2,
4, 12] and is also close to the those given in [3, 7]
and [13]. We note that the IC component is almost




 Using the approach given in a previous work (see













(q + q); (48)











dx[q(x) + q(x)]. The l.h.s. of
Eq. (48) is the fraction of the total quark momen-
tum carried by the charm and anticharm quarks.
The prediction (45) implies that this fraction is
less than 1%. Assuming the quark and antiquark
share about one half of the nucleon momentum, the
charm and anticharm carry about 0:5% of the nu-
cleon momentum or less.
 From Table III, we have
u+ u : d+

d : s+ s : c+ c
' 0:53 : 0:37 : 0:09 : 0:01: (49)
If we assume the quarks carry about 55% of the
nucleon momentum, Eq. (49) implies that the frac-
tions of the nucleon momentum carried by u-, d-,
s-, and c-avors are approximately 29:2%, 20:3%,
4:9%, and 0:6% respectively. They may compare
with 31:4%, 17:8%, 4:3%, and 1:2% given by the




, where the gluons carry
about 45% of the nucleon momentum.
 The prediction of intrinsic charm polarization,
c '  0:009  0:006 is close to the result c =
 0:020  0:005 given in the instanton model [6].
This might be related to the strong suppression of
non-spinip contribution in both models. Our c
in (46) is smaller than that given in [5, 14] ('  0:3).
However, the size of c given in [7] ('  5  10
 4
)
is even smaller. Hence further investigation in this
quantity is needed.





' 0:06, one has c= '  0:021.
This is consistent with the prediction given in [6],
but smaller than that given in [5]. Combining with
the fractions of the light quark helicities, we have
u= ' 2:171; d= '  0:988;
(50)
s= '  0:162; c= '  0:021;
one can see that the u-quark helicity is positive
(parallel to the nucleon spin) and about two times
larger than the total quark helicity . The d-
, s-, and c-helicities, however, are all negative
(antiparallel to the nucleon spin), and their sizes
are decreased as





Compare to the intrinsic strange helicity s, the
intrinsic charm helicity is one order of magnitude
smaller.
 Including the QCD radiative corrections, the rst






are shown in Table IV. They are also consistent
with the data.
6 We also calculated two reduced matrix elements F




of the hyperon beta
decays. The results and comparison with data and
other analysis are listed in Table V.






is the mass of the heavy quark,
the probability of nding the intrinsic bottom is
expected to be much smaller, hence the intrinsic





In summary, we have calculated the intrinsic charm
contribution in the SU(4) quark meson model with sym-
metry breaking. Results suggest that there is no sig-
nicant dierence between SU(4) and SU(3) results on
observables which are not charm-related or not explicitly
charm-related. Including the charm contribution, how-
ever, the SU(4) version leads to many new predictions on
observables explicitly related to the charm or anitcharm.
These observables are zero, e.g. 2c=
P
(q + q), c, etc.




, in the SU(3) descrip-
tion. We hope that these predictions can be tested by
the analyses of the DIS data on polarized and unpolar-
ized charm productions in the near future.
Acknowledgments
This work was supported in part by the U.S. DOE
Grant, the Institute of Nuclear and Particle Physics,
Department of Physics, University of Virginia, and the
Commonwealth of Virginia.
[1] S. J. Brodsky, P. Hoyer, C. Peterson and N. Sakai, Phys.
Lett. B93, 451 (1980); S. J. Brodsky, C. Peterson, and
N. Sakai, Phys. Rev. D23, 2745 (1980).
[2] J. F. Donoghue and E. Golowich, Phys. Rev. D15, 3421
(1977); H. He, X. Zhang, and Y. Zhao, High Energy Phys.
Nucl. Phys. 7, 626 (1983).
[3] T. Hatsuda, and T. Kunihiro, Phys. Rep. 247, 221
(1994).
[4] F. S. Navarra, M. Nielson, C. A. A. Nunes, and M. Teix-
eira, Phys. Rev. D54, 842 (1996).
[5] A. Blotz and E. Shuryak, Phys. Lett. B439, 415 (1998).
[6] F. Araki, M. Musakhanov and H. Toki, hep-ph/9808290.
[7] M. V. Polyakov, A. Schafer, and O. V. Teryaev, Phys.
Rev. D60, 051502 (1999); M. Franz, M. V. Polyakov,
and K. Goeke, Phys. Rev. D62, 074024 (2000).
[8] E. Homann and R. Moore, Z. Phys. C20, 71 (1983).
[9] B. W. Harris, J. Smith and R. Vogt, Nucl. Phys. B461,
181 (1996).
[10] R. Vogt and S. J. Brodsky, Nucl. Phys. B478, 311
(1996).
[11] G. Ingelman and M. Thunman, Z. Phys. C73, 505
(1997).
[12] Y. A. Golubkov, Phys. Atom. Nucl. 63, 606 (2000); hep-
ph/9811218.
[13] S. J. Brodsky, and I. Schmidt, Phys. Rev. D43, 179
(1991).
[14] I. Halperin and A. Zhitnitsky, Phys. Rev. D56, 7247
(1997).
[15] J. Blumlein and W. L. van Neerven, Phys. Lett. B450,
417 (1999).
[16] X. Song, Phys. Rev. D57, 4114 (1998).
[17] X. Song, Int. J. Mod. Phys. A16, 2673 (2001).
[18] S. L. Glashow et al., Phys. Rev. D2, 2185 (1970).
[19] X. Song, Internal Report, ICTP, June (1998).
[20] E. J. Eichten, I. Hinchlie and C. Quigg, Phys.
Rev. D45, 2269 (1992).
[21] T. P. Cheng and L.-F. Li, Phys. Rev. Lett. 74, 2872
(1995).
[22] X. Song, J. S. McCarthy and H. J. Weber, Phys.
Rev. D55, 2624 (1997).
[23] K. Abe, et al., Phys. Rev. Lett. 79, 26 (1997).
[24] Particle Data Group, D. E. Groom, et al., Eur. Phys.
J. C15, 1 (2000).
[25] J. C. Peng, et al., E866/NuSea Collaboration, Phys.
Rev. D58, 092004 (1998).
[26] P. Amaudruz et al., Phys. Rev. Lett. 66, 2712 (1991);
M. Arneodo et al., Phys. Rev. D50, R1, (1994).
[27] A. Baldit, et al., NA51 Collaboration, Phys. Lett. B332,
244 (1994).
[28] A. O. Bazarko, et al., Z. Phys. C65, 189 (1995).
[29] J. Gasser, H. Leutwyler and M. E. Saino, Phys.
Lett. B253, 252 (1991).
[30] S. J. Dong, J. F. Lagae and K. F. Liu, Phys. Rev. D54,
5496 (1996).
[31] P. Adams, et al., Phys. Rev. D56, 5330 (1997).




as the function of 
c
.














































1   (1 + + 
c















(1 +  + 
c


















a=2 1  (1 + + 
c















a=2 (1 + + 
c




















































































































































TABLE II: Parameter Sets for Dierent Symmetry-Breaking Schemes





SU(4) [This paper] 0.143 0.454 0:06 0:04  
SU(3)[17] 0.145 0.460   0.1
TABLE III: Quark Flavor Observables.
Quantity Data SU(4) [This paper] SU(3) [17] NQM

















d) < 2xs(x) >=< x(u(x) +

d(x)) > = 0:477 0:051[28] 0.66 0.76  
2c=(u +





= 0:099 0:009[28] 0.118 0.136 0
2c=(u + d)   0:015 0:010 0 0
(u + u)=
P





(q+ q)   0:368 0:003 0.374 1/3
(s+ s)=
P
(q + q) < 2xs(x) >=
P





(q + q) 0.03 [13]

















< xq(x) > = 0:245 0:005[28] 0:230 0:004 0.231 0
TABLE IV: Quark Spin Observables
Quantity Data SU(4) [This paper] SU(3) [17] NQM
u 0:85 0:04[31] 0:871 0:009 0.863 4/3
d  0:410.04[31]  0:397 0:002  0:397  1=3
s  0:070.04[31]  0:065 0:000  0.067 0
c  0:020 0:004 [6]








/2 0:19 0:06[31] 0:200 0:006 0.200 1/2
u, 

d  0:02 0:11[32] 0 0 0
s, c   0 0 0
u=   2:171 0:043 2.162 4/3
d=    0:988 0:024  0:994  1=3
s=    0:162 0:005  0:167 0
c=  0:08  0:01 [5]

 0:021 0:014 0 0
 0:033 [6]

u=u   0:383 0:003 0:383 2/3
d=d    0:287 0:001  0:284  1=3
s=s    3=10  0:269  




























 0:041  0:007[23]  0:042 0:001  0:042 0
a
3
1.26700.0035[24] 1:268 0:010 1.260 5/3
a
8
0.579 0.025[24] 0:605 0:006 0.600 1











under the constraint F+D=1.267.
Quantity Data SU(4) [This paper] SU(3) [17] NQM
F+D 1:267[a] 1:268  0:010 1.260 5/3
F 0:463[a] 0:468  0:004 0.465 2/3
D 0:804[a] 0:800  0:006 0.796 1
































0:25 0:05[24] 0:202  0:002 0.200 1/3
